This proposal concerns the participation of the Brazilian High-Energy Physics community in the next-generation collider experiments. As the LHC at CERN is getting ready for its third data-taking period, Run 3, with increased centre-of-mass energy at the nominal 14 TeV and upgraded detectors, the global High-Energy Physics community is converging towards the materialisation of new powerful colliders which could explore the characteristics of the Higgs boson and advance the search of physics beyond the Standard Model. This means that in the next couple of years the technical proposals for the experiments that will run in such colliders will be submitted for review, collaborations will be formed and large scale funding will be requested at different stages across the globe. Our aim is to organise a common effort from the Brazilian HEP community of optimised resources and time, in order to produce a higher impact contribution to our chosen experiment and more broadly in the field of High-Energy Physics.
Scientific Context
High-Energy Physics (HEP) explores the elementary particles, which are the fundamental constituents of matter, and their interactions. Elementary particles are the underlying structure at the inner kernel of matter and, at the same time, play an essential role in the evolution of the Universe. The last century has shown that collider accelerators have been amongst the most powerful tools used to explore the deep structure of matter that enabled the development of a universal quantum field theory -the standard model (SM). HEP experiments led to important discoveries that go from the identification of heavy quarks, passing by the discovery of the W ± and Z 0 bosons, up to the breakthrough represented by the recent discovery of the Higgs boson at CERN [1, 2] , evidence for the Brout-Englert-Higgs mechanism through which fundamental particles acquire their mass.
The Large Hadron Collider (LHC) at CERN [3] , the most powerful particle collider in operation, has opened new opportunities to explore the energy frontier of physics, colliding protons (pp) at a centre-of-mass energy of 13 TeV, which allows testing the validity of our understanding of microscopic physics up to distances as small as 10 −18 meters. The LHC, operating on the Swiss-French border near Geneva, Switzerland, hosts four main experiments: ALICE (A Large Ion Collider Experiment) [4] , ATLAS (A Toroidal LHC ApparatuS) [5] , CMS (Compact Muon Solenoid) [6] , and LHCb (Large Hadron Collider beauty) [7] . ALICE and LHCb are dedicated experiments to heavy ion collisions and B-hadron physics, respectively; ATLAS and CMS are general-purpose experiments that aim for a comprehensive study of physics at the TeV scale. All four experiments are undertaken by large collaboration groups, with thousands of participants, and are held as great examples of successful international endeavours. As of this writing, the LHC has just finished its second operation run (Run 2) [8] , having delivered more than 150 fb −1 of 13 TeV pp collision data to the experiments. Each of the collaborations has published hundreds of scientific papers, contributing to the steady advance of physics knowledge.
The design, construction, commissioning and operation of a particle accelerator and experiments is a multi-decade endeavour. The LHC project was originally proposed at the 1984 ECFA-CERN workshop [9] , approved by the 100th CERN Council Session in 1994, delivered its Conceptual Design Report in 1995 and accelerated its first beams in 2008. The High-Luminosity LHC (HL-LHC) is an upgrade to the accelerator chain that will increase the instantaneous luminosity up to an ultimate performance of 75 Hz/nb. In a similar vein, the experiments will undergo their own upgrades to prepare for the HL-LHC era. According to the official LHC schedule, the goal is to start the high luminosity phase in 2027 and deliver 3000 fb −1 of pp collision data to ATLAS and CMS until 2035, as detailed in Fig. 1 . It is safe to say that the path of collider-based HEP is charted until that date.
The question on the medium-term future of collider-based HEP is still open. Studies on the design of the next accelerator have already been started and a series of Conceptual Design Reports have been put forward:
• The Circular Electron Positron Collider (CEPC) [10] is a project led by IHEP-Beijing, proposing the construction of a 100 km circumference machine near Qinhuangdao.
The CEPC centre-of-mass energy is proposed to be 240 GeV, allowing it to work as a Higgs boson factory;
• The International Linear Collider (ILC) [11] and the Compact Linear Collider (CLIC) [12] are two electron-positron collider projects that currently coexist under the Linear Collider collaboration umbrella. The ILC centre-of-mass energy is projected to go up to 1 TeV with a 31 km long accelerator, whilst CLIC is projected to reach up to 3 TeV with a 50 km long accelerator. As of this writing, the ILC proposal for construction in the Kitakami mountains, in Japan, is not favoured by the Japanese government, as informed by the Science Council of Japan. The CLIC proposal for construction in Geneva is still to be evaluated;
• The Future Circular Collider (FCC) [13] [14] [15] [16] is again an umbrella project that supports three different proposals: a high-energy upgrade for the LHC (HE-LHC), hosted in the same tunnel; and a 100 km circumference tunnel built in the Geneva region, hosting either an electron-positron (FCC-ee) or a hadron collider (FCC-hh).
All of those projects envision first beams after 2030.
The Brazilian Community of Accelerator High-Energy Physics
Brazilian research institutions currently participate in all four LHC experiments. The country also takes part in the PHENIX and STAR experiments at the Relativistic Heavy Ion Collider (RHIC), and had strong participation in the DELPHI experiment at the Large Electron-Position Collider (LEP) and D0 experiment at the Tevatron. Since 2008, the Brazilian HEP community has a coordination board in RENAFAE, the Brazilian Network for High-Energy Physics [17] . In its foundation, this network defined the main goals as (i) to promote scientific and technological development for the investigation of elementary particles and fundamental interactions, (ii) to consolidate the research in High-Energy Physics by extending the technical competences of Brazilian researchers, (iii) to build partnerships with the Brazilian enterprises to research and develop software and instrumentation for international scientific collaboration, and (iv) to coordinate the activities of the Brazilian research groups, especially those in international collaborations.
In 2014, an all-encompassing project on Astroparticle and High-Energy Physics, AstroHEP.br was submitted to the Brazilian Research Council (CNPq), with a proposal to create a National Institute of Science and Technology (INCT). The goal of that project was to "...facilitate the sharing of resources, seeking synergies between the different groups, greatly increasing the competitiveness of Brazilian groups." Although AstroHEP.br did not come to fruition, its spirit of pooling the effort of the Brazilian community with the goal of bringing it an ever-higher standard of excellence is laudable. Following that spirit, the overall goal of this proposal is to organise the Brazilian community for an effective participation in the next-generation collider experiments.
Along the years, RENAFAE has been the financial representative for the High-Energy Collaborations by its link with the Brazilian Scientific agencies, allowing the payment of M&O and funding for the LHC experiments. Although efforts to increase financial support from the Brazilian Scientific agencies, RENAFAE has struggled to support broader research projects in the international collaborations and the presence of Brazilian researchers at CERN, to support qualified personnel developing long-term activities, especially in instrumentation.
Therefore, the Brazilian HEP community must follow another path to provide results of higher impact in the international scientific community and qualify the body of active researchers in the Brazilian institutions, especially graduate students and post-doctoral researchers. Concrete actions are proposed in this document to achieve these goals in the next decade.
Objectives
The main objectives of our proposal are: a) To organise the community of experimental HEP in Brazil to become a member of only one large experimental collaboration in the next high-energy collider, joining forces to contribute to the development, construction, commissioning and operations of the detector as a coordinated effort. In particular we would like to avoid very specific short-aim and small-visibility projects and favour longer-term contributions that can make a greater impact within the chosen collaboration and in our research field. b) Organise and connect smaller groups in the country with an interest in more specific experiments, for example future DIS colliders. c) Restructure the financial and practical organisation of large HEP collaboration membership, to evolve towards a National Institute type of entity (INCT) which could provide independent and guaranteed funding for the development of the projects, including the mobility needs for doctoral and technical students as well as researchers, and also provide a local affiliation for post-doctoral researchers, engineers and technical professionals.
d) In the long term, we would like to build local physical infrastructure with one or more national laboratory sites, both for instrumentation research and development and for computing, data processing and analyses (analogous to current Grid Tier-1).
Current status and expected challenges
It is fair to state that the Brazilian institutes have been contributing to CERN experiments and any other large-scale collaboration without following a clear strategy. It is common in Europe and in the USA that the financial agencies approve grants for the participation of institutes in large experiments in a long-term manner. This method has been proven to be very efficient providing foundations for a sustained commitment of the institutes. This is far from how Brazil and Latin America financial agencies operate. We believe that is the main challenge faced by the Brazilian institutes to participate on large-scale experiments. We believe that this challenge must be the highest priority of this strategy forum. As a consequence, there is a huge challenge to perform detector R&D in the Brazilian institutes due to the lack of infrastructure and engineering capabilities. In addition, we are not able to properly train our students in the local institutes.
Brazilian institutes are not able to attract researchers from around the world. This issue is related to the lack of post-doctoral positions and the current funding strategy. The long-term grant should allow the institutes to hire post-doctoral researchers with competitive salaries and with the possibility to have them based at CERN.
Another crucial challenge is the financial support for mission trips to the experiment. This must be treated as an important point since person-power is one of the most important contributions Brazilian institutes give to large-scale experiments. It is important to note that the training of students is mostly done during mission trips. In fact, dedicated mobility projects were created to support these trips to CERN, namely HELEN and EPLANET. Unfortunately, since 2015 there has been no similar initiative, which has had a clear impact on the participation of Brazilian students and researchers at CERN.
RENAFAE was created in 2008 to mitigate the issues described above. It is fair to state that there was some progress in the pursuit of a Brazilian strategy but the current status is that the Brazilian organisational model for particle physics is far from being optimal.
Although the European model is proven to be successful one can not simply copy it to the Brazilian reality. The Brazilian model needs to be developed together with the scientific societies and the government. We propose that RENAFAE must become an institute that will discuss funding directly with the financial agencies. Currently, RENAFAE is associated to CBPF with a low budget and simple structure. It is desirable that RENAFAE becomes an institute with dedicated researchers and personnel in order to sustain the top priority scientific activities for the next future collider.
Even if RENAFAE does not become an institute, we urge for long-term grants. A national scientific strategy with clear identification of the high-priority large-scale scientific goals for Brazilian institutes is necessary. A profound modification of the Brazilian financial agencies rules must be proposed in order to maintain and improve the participation of Brazilian institutes at the forefront of particle physics. As simple examples, we propose the creation of post-doctoral fellowships to be based in the experiment and dedicated funding for mission trips for students as an extension of the current sandwich programme, similar to the HELEN/EPLANET programmes.
Operational costs
Assuming the Brazilian community in a single experiment is ∼50 authors, and the experimental collaborations comprise ∼3000 authors, the Brazilian "fair-share" contribution is 1.7%.
Considering a landscape to consolidate the research and development of software and instrumentation, the goal for financial support for the next decade would aim a total of 100 researchers with regular contributions for M&O and detector upgrades. Moreover, the R&D of instrumentation and detector technologies must be in part carried out in a common infrastructure for better collaboration among Brazilian researchers and higher impact. Thus, the creation of a dedicated laboratory similar to an INCT-like initiative is a prime goal for the next decade.
Computing requirements
The computing model of a HEP experiment estimates the computing requirements of a given resource (CPU power, disk, tape, etc.) as a function of:
• the experiment's physics programme,
• the accelerator plans and performance,
• the rate and amount of data acquired by the experiment,
• the production model -the rate and amount of simulated collision events to be produced by the collaboration,
• the analysis model -the way collaborators access and run over the data,
• the expected technology evolution,
• and the policies for usage and management of that given resource. Figure 2 exemplifies the CMS computing model as of the LHC Run 2; that model is flexible enough to be adapted to the future accelerators' case. As of this writing, the only inputs that can be estimated with any accuracy are the accelerator plans and the experiment's data acquisition design. The experiment's production model, analysis model and resource policies can, at best, be supposed to be similar to those of the LHC. Therefore, in what follows, we will simply quote the data acquisition design rates as a proxy for the computing requirements of the experiment. For comparison, the CMS HL-LHC proposal envisions a ∼ 60 GB/s data rate [18] . On the other hand, the expected technology evolution until the start of the new accelerator experiments merits some discussion.
Expected technology evolution
"During the last years HEP used the assumption of a ∼20% improvement rate for CPU and disk resources. . . It looks like the ∼20% number is too optimistic and needs to be revised." [20] . Even assuming a lower improvement rate of 10% year-by-year, that translates to at least a factor of 2 improvement in the price-performance ratio of computing resources by 2030. We also draw attention to the fact that heterogeneous computing is quickly becoming a reality at the LHC experiments, with CPU-GPU hybrid systems being proposed for deployment already during Run 3 [21, 22] . Other alternatives like CPU-FPGA and CPU-GPU-FPGA are also being studied. It stands to reason that usage of hybrid systems will be commonplace at the next accelerators.
Computing at CLIC and ILC
For both the CLIC and ILC scenarios, the computing requirements are comparable to those of the regular LHC experiments, i.e. much smaller than those of the high-luminosity upgrade. ILC operation foresees 1 millisecond bunch trains at 5 Hz, whilst CLIC foresees 156 nanosecond bunch trains at 50 Hz. That translates to a data rate to offline storage of ∼1 GB/s for the ILC and ∼10 GB/s for CLIC. We therefore assume that the overall computing requirements of the experiment will be smaller than those of the HL-LHC.
Computing at CEPC
The computing requirements at CEPC, on the other hand, will be similar to those at the HL-LHC. The CEPC CDR quotes only that "With the level-1 trigger operating at 100 kHz, the total raw data rate is 2 TBytes/s." This corresponds to 16 Tb/s for the L1 data rate, roughly 40% of the values proposed for the CMS HL-LHC proposal. We assume a similar ratio for the data rate to offline storage, leading to a figure of ∼24 GB/s. We therefore assume that the overall computing requirements of the experiment will be comparable to those of the HL-LHC.
Computing at FCC
The computing requirements for the FCC-ee are comparable to those of the CEPC, being very similar machines. On the other hand, the requirements for an FCC-hh detector are formidable, and only preliminary calculations are presented in the CDR. The figures quoted are, for the L1 data rate, 250 TBytes/s for calorimetry and muon systems (about 10 times more than in the ATLAS and CMS Phase-II scenario), and 1-2 PB/s from the tracker. We assume a similar ratio for the data rate to offline storage, leading to a figure of ∼600 GB/s. We therefore assume that the computing requirements of the FCC-ee experiment will be comparable to those of the HL-LHC, whilst for the FCC-hh experiment they will be significantly larger.
7 Physics motivation
Heavy ions
The study of QCD in high density and temperature conditions using heavy ion collisions will receive a vital contribution from upgrades in the LHC and future colliders. As described in Refs. [23, 24] , the gain comes in several sectors of heavy ion physics as a consequence of the increase in the centre-of-mass energy per nucleon pair and integrated luminosity.
The centre-of-mass energy used in the heavy ion collisions will depend on the accelerator properties designed for proton-proton collisions. The relation between the centre-of-mass energy in proton-proton collisions ( √ s) and centre-of-mass energy per nucleon-nucleon collision ( √ s NN ) is given by:
where Z is the number of protons and A is the number of protons plus neutrons inside the nucleus [23] .
In the HE-LHC, a centre-of-mass energy of √ s = 27 TeV for proton-proton collisions corresponds to √ s NN = 10.6 TeV for PbPb collisions (Z = 82, A = 208) and 17 TeV for pPb collisions. The integrated luminosity for a data-taking period of one month is expected to be a factor of two larger than current LHC runs, i.e. of the order of 6 nb −1 per experiment. The possibility to use smaller nuclei compared to Pb (e.g. 40 Ar or 129 Xe) can increase the √ s NN and the integrated luminosity. For example, the integrated luminosity for XeXe collisions at √ s NN = 11.5 TeV could be around a factor 2-3 larger than in PbPb collisions [23] .
In the FCC case, a centre-of-mass energy of √ s = 100 TeV for proton-proton collisions corresponds to √ s NN = 39 TeV for PbPb collisions and 63 TeV for pPb collisions. The integrated luminosity for a one-month run in FCC is estimated to be around one order of magnitude higher than in current LHC runs, i.e. ≈ 33 nb −1 . Similar estimates are valid for the hadronic collider CEPC-SppC, with a slightly lower centre-of-mass energy √ s NN = 20 − 30 TeV [24] .
The physics motivations for HE-LHC and FCC are similar, with a clear advantage for FCC in terms of studies of hard probes and kinematics coverage. Three main general physics motivations are described in Refs. [23, 24] :
• Novel access to QCD thermodynamics and QCD equilibration processes: at HE-LHC and FCC energies, a heavy ion collision results in a strongly-interacting medium (quark-gluon plasma, QGP) significantly denser and hotter, expanding for a longer period of time and larger volume compared to current LHC energies. This feature results in stronger collective signatures. In addition, the QGP will reach temperatures of the order of 1 GeV, where charm quarks will start to participate as a thermal degree of freedom in the equation of state describing the medium.
• Characterisation of dense QCD matter through hard-scattering processes: with the significant increase in the centre-of-mass energy, hard probe production will considerably increase, with the possibility to study boosted top quarks and also possibly the Higgs boson production [25] [26] [27] . The studies related to the production of boosted top quarks will allow to access time evolution information of the QGP medium and the role of color coherence [26] . In addition, it is expected to reach sensitivity for the identification of secondary production of charm quarks from interactions of quarks and gluons constituents of the QGP.
• Exploration of saturated parton densities in a previously-uncharted, ultra-dense kinematic domain: at HE-LHC and FCC energies, very low values of (x, Q 2 ), where parton saturation is expected to be detected, will be accessed. For example, in pPb collisions x values of ∼5 × 10 −6 in the Pb nucleus, for rapidity y ≈ 5, could be reached. Very important complementary studies can be done in electron-hadron (ion) colliders, e.g. LHeC, to explore the partonic structure of nucleons and nuclei at small-x.
Flavour physics
The large statistics and/or the clean experimental environment will provide the next generation of collider experiments a great potential to study flavour physics. The understanding of electroweak penguin mediated decays will provide important model-discrimination for the remaining flavour anomalies. Standard Model stringent tests can be done by studying charged lepton flavour violation, lepton flavour universality violation and heavy-flavoured neutral meson oscillation. Currently, the measurements agree with the lepton flavour universality to a precision of 0.15% [28] , with the uncertainty dominated by the measurement of the τ leptonic properties. This uncertainty can be reduced in future colliders with a larger data sample. A similar conclusion can be reached with respect to the current flavour anomalies [29] [30] [31] .
It is clear that flavour physics will remain an important pillar of high-energy physics in the future collider experiments. It is an area that has long received important contributions from Brazilian researchers and institutes.
Exclusive two-photon production of the Higgs boson in ultraperipheral proton and nuclear collisions
Heavy ions accelerated at high energies are surrounded by huge electromagnetic (e.m.) fields generated by the collective action of their Z individual proton charges. In the equivalent photon approximation (EPA), such strong e.m. fields can be identified as quasireal photon beams with very low virtualities Q 2 < 1/R 2 A and large longitudinal energies of up to integrated luminosity per run L int , (iii) beam energies E beam , (iv) Lorentz factor γ L , (v) effective charge radius R A , (vi) photon "maximum" energy ω max in the c.m. frame, and (vii) "maximum" photon-photon c.m. energy s max γ γ . The last two columns list the γ γ → H cross sections and the expected number of Higgs events for the quoted L int per system. 
where R A is the radius of the charge and γ L = E beam /m N,p is the beam Lorentz factor for nucleon or proton mass m N,p = 0.9315, 0.9382 GeV.
On the one hand, since the photon flux scales as the squared charge of each colliding particle, Z 2 , photon-photon cross sections are enhanced millions of times for heavy ions (up to Z 4 ≈ 5 · 10 7 for Pb-Pb) compared to proton or electron beams. On the other, proton (and lighter ions) feature larger ω max values thanks to their lower radii R A and larger beam γ L factors, and can thereby reach higher photon-photon center-of-mass (c.m.) energies. At the LHC energies, photons emitted from nuclei (with radii R A ≈ 1.2 A 1/3 fm) are almost on-shell (virtuality Q < 0.06 GeV, for mass numbers A > 16), and reach longitudinal energies of up to hundreds of GeV, whereas photon fluxes from protons (R A ≈ 0.7 fm) have larger virtualities, Q ≈ 0.28 GeV, and longitudinal energies in the TeV range. Table 1 summarizes the relevant characteristics of photon-photon collisions in ultraperipheral collisions (UPCs) of proton and nuclear beams at the HL-LHC, HE-LHC and FCC [32] .
The observation of the Higgs boson in UPCs, via its dominant bb decay channel, relies on the measurement of two exclusive b-jets with invariant masses peaked at m H , on top of a background of γγ → bb, cc,continuum pairs, where charm and light (q = u, d, s) quarks are misidentified as b-quarks. By assuming realistic jet acceptance, reconstruction performances, and (mis)tagging efficiencies, and applying appropriate kinematical selections on the jet p T and angles, it has been shown that the H(bb) signal can be reconstructed on top of the γ γ → bb, cc,continuum backgrounds [32] .
Reaching 3σ evidence of UPC Higgs-production at HL-LHC and at HE-LHC requires factors of about ×200 and ×30 more integrated luminosities in Ar-Ar and Kr-Kr collisions, respectively, than currently planned for both machines. Factors of ten in integrated luminosity can be gained running for the duration (10 7 s) typical of a proton-proton run, rather than the nominal 1-month heavy-ion operation. This would open up the possibility of a 3σ evidence at the HE-LHC, but would still fall too short for any feasible measurement at the HL-LHC. The measurement of γ γ → H → bb would yield about 20 (5) signal counts after all selections in Pb-Pb (p-Pb) collisions for their nominal integrated luminosities per run.
Observation of the photon-fusion Higgs production at the 5σ-level is achievable in the first FCC run by combining the measurements of two experiments (or doubling the luminosity in a single one) in Pb-Pb, and by running for about 8 months (or 4 months and combining two experiments) in the p-Pb case. The feasibility studies presented here indicate the Higgs physics potential open to study in γγ ultraperipheral ion collisions at current and future CERN hadron colliders, eventually providing an independent measurement of the H-γ coupling not based on Higgs decays but on a s-channel production mode, as well as of its total width combining the photon-fusion measurement and the H → γ γ decay branching ratio [32] .
Higgs boson pair production
The Higgs boson discovery by the ATLAS and CMS experiments was conducted with only a few percent of the entire dataset foreseen for the LHC. The first two data taking periods of the LHC allowed the measurement of the Higgs boson production cross sections and decay branching fractions in various channels with increasing precision [33] [34] [35] [36] [37] [38] . Despite all these measurements, the Higgs scalar potential is still largely unconstrained, including the Higgs boson trilinear self-coupling λ HHH . Measurements of the strengths of the Higgs boson self-couplings and their comparison to Standard Model predictions are necessary to verify the electroweak symmetry breaking mechanism of the Standard Model. The measurement of the Higgs potential is therefore a high priority goal on the physics programme of all future colliders [39, 40] . The existence of an extended scalar sector or the presence of new dynamics at higher scales could modify the Higgs boson self-couplings.
Higgs boson pair production (HH) is a probe of the Higgs boson trilinear self-coupling λ HHH and it can be assessed at hadron colliders, where the production is dominated by gluon fusion, gg → HH, and at lepton colliders via double Higgs-strahlung, e + e − → ZHH, (relevant at low energies), or via vector boson fusion (VBF), e + e − → HHν eνe , (for centreof-mass energies of 1 TeV and above) [39, 40] . A particular advantage of e + e − colliders is that the Higgs self-coupling can also be assessed using single Higgs production processes.
At the LHC, HH non-resonant and resonant searches have been conducted by ATLAS and CMS in various decay modes with datasets collected at 13 TeV, with the HH → bbbb, the HH → bbγγ and HH → bbτ + τ − driving the sensitivity to the SM HH production [41, 42] . Besides the direct determination of the Higgs self-coupling through the study of Higgs boson pair production, an indirect measurement is also possible exploring the NLO electroweak corrections to single Higgs measurements. In this direction, ATLAS has recently determined the first experimental constraint on κ λ = λ HHH /λ SM HHH from single Higgs boson analyses [43] . The four next generation e + e − colliders under consideration intend to provide precision measurements of Higgs interactions at high energy. However, only colliders that reach a centre-of-mass energy of 500 GeV have access to HH production. In the following, the prospects for studies at the future colliders are outlined.
• HL-LHC : despite its small production cross-section, more than 10 5 HH pairs per experiment are expected to be produced at the HL-LHC. Prospects of the future measurements expect that a combined significance of 4σ can be achieved with all systematic uncertainties included, considering the production of HH (HH → bbbb, the HH → bbγγ, HH → bbτ + τ − , HH → bbV V (llνν), HH → bbZZ ) through gluon fusion. However, these studies consider the current Run-2 analyses techniques and measurements extrapolated to the centre-of-mass energy of 14 TeV and integrated luminosity of 3 ab −1 , to estimate the response of the upgraded ATLAS and CMS detectors at the HL-LHC assuming an average pileup of 200 collisions per bunch crossing [39] .
It is important to note that the VBF production mode will profit from the extended tracker acceptance and, consequently, the improved ability to identify forward jets from the hard-scattering interaction, which will yield to an increased background rejection benefiting the various decay modes targeted by VBF analyses.
• CEPC, FCC-ee, CLIC, ILC : the ECFA Higgs@Future Colliders working group has performed fits that use the expected measurement accuracies for the various single Higgs observables to assess the sensitivity to deviations of the Higgs self-couplings from its SM values [40] . Results are given for a 1-parameter fit to the SM plus a varying κ λ (for CEPC, FCC-ee, CLIC, ILC) and for a fit that includes the possibility of other new physics effects modeled by the SMEFT (for FCC-ee and ILC).
Studies of HH production cross-section as a function of centre-of-mass energy were performed for ZZHH and HHν eνe processess with unpolarised beams [44] . Despite the smallness of the production cross-sections, working with polarised beams, as planned for linear e + e − colliders, can raise the cross-section of the HHν eνe reaction significantly, by almost a factor of 2 [44] . The HHν eνe reaction requires energies above 1 TeV, as reported by analyses done with full simulation using detailed detector models by the CLICdp [44] and ILC [45] groups, respectively.
Interesting to note is the opposite dependence of the cross-sections for HH production as a function of κ λ at lepton colliders. Double Higgs-strahlung, e + e − → ZHH reaction gives stronger constraints on positive deviations (κ λ > 1), while VBF HHν eνe is better in constraining negative deviations (κ λ < 1) [40] .
At the ILC, e + e − → ZZHH is foreseen with 4 ab −1 of data collected at 500 GeV [45] .
The CLIC program foresees the study of the Higgs self-coupling at 1.5 and 3 TeV stages, with integrated luminosities of 2.5 ab −1 and 5 ab −1 , respectively. With the studies performed by the CLICdp group at 1.4 TeV, evidence for ννHH production is found with 3.6σ and the ZHH process observed with a significance of 5.9 σ.
New Physics at TeV scale
Searches for evidences of New Physics beyond the SM have been performed at the LHC at the TeV scale. Part of these searches are focused in simplified models with effective Lagrangians [46] , where several constraints can be tested in the LHC energy regime. Considering the upcoming high-luminosity regime of the LHC, such models are well suited to probe New Physics sensitivity and test different production processes, like initial-and final-state radiation. Other possibilities include different approaches for the strong dynamics [47] and the coupling of the Higgs boson to new particles in the strong and electroweak sectors [48] . Searches for candidates for Dark Matter are one of the main topics under study with the LHC data, such as WIMPs and neutralinos. In order to properly describe the relic abundance at the freeze-out, most effective models aim for large mass mediators, for which thermal averaged cross sections may be reachable at the LHC energies. The main strategy for searching for signals of Dark Matter is the determination of the transverse missing energy ( / E T ) [49] in events with initial-state radiation. Such events are characterised by the presence of a SM signal associated to large / E T , e.g. mono-jets [50] [51] [52] [53] , mono-photon [54, 55] , mono-Higgs [56] [57] [58] [59] , mono-Z [60] [61] [62] [63] , and monotop [64, 65] or in association with quarks tops [66, 67] . The current constraints are for the DM mediator mass 1.6-1.8 TeV and for the DM mass 0.4-0.7 TeV. The high-luminosity regime will open the possibility to enhance such studies given the large amount of data, investigate all mono-X channels and provide insight about the electroweak sectors of Dark Matter [68] . Furthermore, e + e − collisions at CLIC will reach a centre-of-mass energy of 3 TeV and collect an amount of data of 2 ab −1 , a scenario which allows extended DM searches [69] .
